Genetics differences between breeds may determine the tolerance to high temperature, effect dry matter intake and consequently cattle performance. The effect of temperature and humidity index (THI) on diurnal, nocturnal and daily intake, water intake, physiologic parameters and behavior of Nellore (B. indicus) and Angus (B. taurus) bulls were evaluated. Eight Angus and eight Nellore young bulls (337±7.4 kg and 16 months of age) were allocated in two climate-controlled rooms for 32 days. In the period 1, all bulls were housed in thermoneutral conditions (TN, THI = 72.6) for 10 days. In period 2 (10 days), four Angus and four Nellore bulls were subjected to low heat stress (LHS, THI = 76.4) in daytime, and four Angus and four Nellore bulls were subjected to high heat stress (HHS, THI = 81.5) in daytime. The diurnal and daily dry matter intake (DMI) of Nellore were not affected (P>0.05) by heat stress. However, Angus bulls decreased diurnal DMI by 24% and daily DMI decreased (P<0.05) by 15% on HHS. In TN Angus bulls had higher (P<0.05) daily DMI (36.2 g/kg of BW) than Nellore (29.1 g/kg of BW), but in HHS they had similar (P>0.05) daily DMI (31.6 and 30.2 g/kg of BW, respectively). We observed an increase (P<0.05) in respiratory frequency, but water intake was not affected (P>0.05) by heat stress. The heart rate decreased (P<0.05) with heat stress. No differences were found (P>0.05) in feeding behavior. Therefore, THI stress threshold should distinct for Angus and Nellore bulls. The use of feed intake information may improve the prediction of thermic discomfort on specific climate condition. Key words: Beef cattle, intake regulation, temperature
Introduction
Over the last decade, livestock production has considerably expanded in tropical and subtropical countries in order to meet a rising population, international meat exchanges and consumer demand. Despite many challenges facing animal producers including environmental challenging, it is still predicted that livestock production in developing countries will continue to sustain the future growth of the world's meat production (RENAUDEAU et al., 2010) . In most production systems livestock are constantly confronted with short and longterm changes caused by a wide range of climatic factors (SEJIAN et al., 2011) , and they need to use mechanisms to keep the internal temperature in appropriate physiology level.
Environmentally induced hyperthermia decreases efficiency and production (O'BRIEN et al., 2010; RENAUDEAU et al., 2012) . One of the first noticeable production signs of heat stress (HS) is reduced feed intake, which is presumably an evolutionary strategy to reduce the "heat increment" of feeding (O'BRIEN et al., 2010) .
Initial responses of animals in a heat stress situation are considered homeostatic mechanisms and include increased water intake, sweating and respiration rates and reduced heart rate and feed intake (HOROWITZ, 2002) . In hot climate, the adoption of adapted cattle breeds may contribute for farm productivity. However, the knowledge of breed's tolerance to high temperatures may indicate how proceed in modification of farm structures and feeding management to improve acclimation and increase productivity.
The temperature and humidity index (THI) has been used for many decades to assess heat stress in cattle. Although studies has showed different THI value to indicate heat stress for Bos Taurus and Bos indicus (GAUGHAN et al., 2008) , behavior and intake are not usually considered together with climatic variables for evaluate effect of heat stress.
There have been few studies that compare the specific thermoregulatory abilities of B. indicus and B. taurus, and the effect of heat stress in daytime on diurnal and nocturnal intake is currently unknown. Thus, the objective of this study was to evaluate the effect of temperature and humidity index (THI) on diurnal, nocturnal and daily intake, water intake, feeding behavior and physiological parameters in Nellore (B. indicus) and Angus (B. taurus) bulls.
Material and Methods
The experimental protocol and procedures were approved by the Universidade Federal de Lavras Animal Care and Use Committee n. 068/12.
The study was conducted in two climatecontrolled rooms (CCR) at Universidade Federal de Lavras, Minas Gerais, Brazil, between October and November of 2012. Sixteen bulls, eight Angus and eight Nellore with initial average BW of 337 ± 7.4 kg at 16 months of age were used. Eight bulls (four Angus and four Nellore) were individually penned in each room. Each bull had a pen space of 3.75 m 2 and individual access to a feeder and water bucket. A photoperiod of 12 h x 12 h was used. The physiologic parameters evaluated were heart rate (HR), respiration frequency (RF) and skin and eye temperatures.
The experiment was carried out in two periods of 10 d each, starting after 10 d adaptation to the CCR and diet. In period 1, both CCR were kept at average daytime temperatures of 25ºC (thermoneutral ambient, TN) and temperature humidity index (THI) of 72.6. In period 2, one CCR was kept with average temperature of daytime (06h00 to 18h00) at 29ºC and THI of 76.4 (low heat stress, LHS) and another at 33ºC and THI of 81.5 (high heat stress, HHS). At night (18h00 to 06h00) both CCR were kept at 25ºC. The transition from period 1 (thermo-neutral) to period 2 (daytime heat stress) was accomplished over an additional 2-day period, increasing 2ºC per day for LHS and 4ºC for HHS treatments.
The bulls were weighed at the beginning and at the end of the experimental period without fasting. The diet was composed of 50% of corn silage and 50% of concentrate (82% ground corn grain, 16% soybean meal and 2% mineral mixed) offered ad libitum. Water was available for ad libitum consumption.
The diet was offered twice daily, 06h00 and 18h00. The orts were withdrawn before each feeding and samples were collected to evaluate dry matter intake (DMI). The amount of feed offered in each period of day was calculated using the corresponding previous orts to ensure 10% orts. The water buckets (volume of 20l) were weighed and refilled daily at 06h00, 12h00 and 18h00 to evaluate water consumption.
Environmental conditions (temperature and relative humidity) were daily measured at 06h00, 10h00, 14h00 and 18h00. The temperature and humidity index (THI) was calculated from the air temperature (T A , ºC) and relative humidity (RH, %) according to Gaughan et al. (2013) Heart rate (HR) was obtained in d 9 and d 10 of each period only in Angus bulls at intervals of 1 min for 48 hours using heart rate monitors (Polar RS800, Finland). The Nellore cattle did not adapt to heart rate monitors, as they became excessively excited, and HR could not be measured in them. Respiration frequency (RF) was obtained in days 9 and 10 of each period by counting flank movement at 1-min intervals for 4 different times (06h00, 10h00, 14h00 and 18h00) per day (BEATTY et al., 2006; O'BRIEN et al., 2010) .
In reason of the difficulty to obtain precise body temperature values without excited the bulls, infrared thermography (Fluke Corporation, USA) of the eyes were used to indicate core temperature (JOHNSON et al., 2011) and temperatures of a specific area on the animal's face to indicate skin temperature (MONTANHOLI et al., 2010) . Eye and skin temperatures were obtained on d 10 of each period at 15h00. The skin temperature was the average of temperature of a specific area on the bull's face (similar area of eye ball projected in the face immediately under the eyes).
The behavior was evaluated using 24-hour video recording with night vision cameras on d 6 and d 7 of each period in both CCR. The time spent with feed intake, standing and lying down was continuously measured (every each second).
Samples of silage and concentrate were analyzed for dry matter (DM, index no. 920.39), nitrogen compounds (index no. 954.01) and ashes (index no. 923.03) as described by AOAC (1990) , and neutral detergent fiber (MERTENS, 2002) . The ort samples were analyzed for DM content as described before.
Feed intake was analyzed as diurnal intake (06h00 to 18h00), as nocturnal intake (18h00 to 06h00) and as daily intake (06h00 to 06h00). Water intake was measured as intake in 24 hours. The other variables analyzed were HR, RF, and temperature of eye and skin.
The variables were evaluated according to a completely randomized design with repeated measures over time using the mixed models method according to:
where Yijk is the response variable measured in the experimental unit k submitted to the i heat stress in the j genetic group; μ is the overall constant; Hi is the effect of the i heat stress (fixed effect); aij = effect of animal j within heat stress i (random effect); Gj is the effect of j genetic group (fixed effect); (HxG)ij is the interaction between the principal effects (fixed effect); and εijk is the non-observable random error, presupposed with normal distribution.
The best structures of the matrix of covariance (VC) were defined by using Akaike's information criteria. Differences were considered significant at P<0.05. The data were analyzed using the MIXED procedure of SAS version 9.1 (SAS Institute, Inc).
Results
The diet composition was: dry matter = 59.7%; organic matter = 55.9%; crude protein = 11.6%; neutral detergent fiber = 34%; non-fibrous carbohydrate = 47.1%. In attempt to simulate the normal cycle of temperature along the 24-hours, the temperature in climatic chamber were progressively increased from 06h00 until 14h00, was stabilized until 18h00 and progressively decreased after this ( Figure 1 ). In hottest time of day, temperature reached 28.9 ± 0.3ºC (THI of 76.6) and 33.2 ± 0.3ºC (THI of 84.7) in LHS and HHS, respectively (Table 1 ). In the heat stress treatments, the THI consistently increased reaching heat stress categories (GAUGHAN et al., 2013) of alert (THI of 75-78) in LHS in diurnal period and danger category (THI of 79-83) in HHS with peaks reaching the emergency category (>84) in some hours in the diurnal period (Table 1) . However, in thermoneutral temperatures and at night for all treatments, the THI was close to normal category (<74). The average temperature of water available for the bulls was kept between 21 and 24ºC in all treatments.
There was no interaction (P>0.05) between breeds and heat stress. Diurnal and daily DMI by Nellore bulls was not affected (P>0.05) by LHS nor HHS. However, an increase (P<0.05) in DMI in the nocturnal period with LHS was observed compared to the thermo-neutral environment. In addition, on HHS conditions, the nocturnal DMI was similar (P>0.05) to the thermoneutral conditions. Although Angus bulls had no difference (P>0.05) in nocturnal DMI on heat stress, the diurnal DMI decreased 24% (P<0.05) and daily DMI decreased 15% on HHS (P<0.05).
Angus bulls had higher daily DMI (36.2 g/kg of BW) than Nellore ones (29.1 g/kg of BW) on TH (P<0.05), but in HHS they had similar (P<0.05) daily DMI (31.6 and 30.2 g/kg of BW, respectively; Table 2 ). On LHS Angus bulls had higher diurnal DMI (P<0.05) and similar nocturne DMI (P>0.05) in comparison with Nellore bulls. However, on HHS both diurnal and nocturne DMI were similar (P>0.05) between Angus and Nellore bulls. No differences were observed (P>0.05) in water intake with the increase of THI. However, Angus bulls had higher (P>0.05) water intake than Nellore bulls for all treatments. Table 1 . Average, minimum and maximum temperature and relative humidity (± SE) for each climate-controlled rooms at day (06h00 to 18h00) and at night (18h00 to 06h00). Table 2 . Effect of heat stress (means and SE) on diurnal (06h00 to 18h00), nocturne (18h00 to 06h00) and daily dry matter intake (DMI), and water intake according of genetic group. Although eye temperature and skin temperature were similar (P>0.05) for LHS and HHS, they were higher (P<0.05) than at TN for both genetic groups. Respiration frequency (RF) were also similar between LHS and HHS (P>0.05), and were higher (P<0.05) than at TN for both genetic groups. However, Angus bulls had higher (P<0.05) RF than Nellore on LHS, HHS, and even in TN (25ºC). Angus bulls on HHS had a decrease of 6% in HR (P<0.05), while the RF increased by 20% (P<0.05, Table 3 ). Different subscript lowercase letters within a row and different subscript capital letters within a column denote significant difference (P<0.05). It was no possible measure heart rate in Nellore bulls because they did not adapt to the equipment.
Differences were not found (P>0.05) in diurnal intake time, nocturnal intake time, daily intake time, standing time and lying down time between breeds and between air temperatures (Table 4) . The bulls spent an average of 164 minutes/day eating, 54% of which were during the daytime. Table 4 . Effect of heat stress (means and SE) on diurnal (06h00 to 18h00), nocturne (18h00 to 06h00) and daily intake time (minutes), stand time and lying down time. 
Discuss
Genetics differences between Angus and Nellore bulls may determine distinct performance even on thermoneutral conditions. Although on TN ambient Bos taurus may have higher production than Bos indicus, on heat stress ambient Bos indicus may have similar or higher production than Bos taurus due to differences in physiological changes to keep adequate core temperature from each breed (BEATTY et al., 2006) . Angus and Nellore bulls had differences in nutritional (Table 2) and physiological (Table 3) responses even when at same THI category.
Although neither Nellore nor Angus had decrease of DMI at night, Angus bulls decreased in diurnal and daily DMI on THI of 81.5, probably, in attempt to decrease metabolic heat production (RENAUDEAU et al., 2012) . Thus, the higher tolerance to hot climate from Bos indicus compared to Bos taurus (GAUGHAN et al., 2010) allowed Bos indicus maintain DMI even on THI of 81.5. However, at night, when the temperatures were bland, Angus did not change DMI, even when they were on high heat stress at diurnal period.
The differences in anatomical and morphological characteristics partially explain differences in heat tolerance among species and breeds (GAUGHAN et al., 2010) . Thus, studies have found differences in animal responses on heat stress. Gaughan et al. (2010) reported a reduction in DMI of Bos taurus × Bos indicus genotypes ranging from 10 to 20%. In addition, O'Brien et al. (2010) observed a decrease in DMI of 12% to cattle on heat stress. Nellore bulls had similar daily feed intake on heat stress and on thermoneutral ambient. Thus, even on HHS, where the average diurnal temperature was 31.8ºC with an average peak of 33.2ºC (THI of 84.7), Nellore bulls were able to maintain their body temperatures at adequate levels without decrease in DMI. On the other hand, Angus bulls did not change daily DMI on THI of 76.4 (LHS), but they had a decrease of 15% in daily DMI on THI of 81.5 (HHS). Although Angus bulls were able to maintenance nocturnal DMI on HHS, daily DMI decreased due to the strong decrease in diurnal DMI.
Although the decrease in DMI is the most important effect at animal production on heat stress, DMI may only be responsible for ~40-50% of the decrease in milk production when cows are heat stressed and ~50-60% can be explained by other changes induced by heat stress (WHEELOCK et al., 2010) . Physiological adaptations include changes in basal metabolism, RF, distribution of blood flow to skin and lungs, feed and water consumption, rate of passage of feed through the digestive tract, hair coat, and body composition may alleviate heat stress by reduction of heat load and metabolic heat production, and increase of the body's capacity to eliminate heat. It may also be noted that animals differ greatly in their behavioral responses and in their ability to physiologically adapt to the thermal environment (SCHÜTZ et al., 2014) .
Eye temperature, which indicates core temperature (JOHNSON et al., 2011) , increased from TN to heat stress, indicating that the increase in air temperature caused an increase in core temperature. The eye temperature was similar between LHS and HHS; therefore, the bulls were able to maintain the core temperature at appropriate levels by using physiological and behavioral modifications.
During genetic adaptation, Bos indicus cattle have acquired thermo-tolerant genes (HANSEN, 2004) and therefore have a higher degree of thermotolerance compared with Bos taurus. Gaughan et al. (1999) reported that genetic adaptation allows Bos indicus cattle to have lower RF and rectal temperatures than Bos taurus when exposed to similar heat stress conditions.
Respiration frequency during heat exposure increased more rapidly than other responses and often occurred at a lower critical air temperatures than other responses such as rectal temperature or changes in DMI (HAHN, 1999) . The fact that Angus cattle had higher RF than Nellore even on TH may be explained by their higher gain rate, which results in increase in metabolic activities and consequently higher heat production.
When homoeothermic animals are on heat stress, they increase mechanisms to heat loss and decrease metabolic rate. Therefore, the decrease of metabolic rate may decrease blood flow demand and, consequently, heart rate (HR). Furthermore, an expanded blood volume, and therefore a greater preload and stroke volume, could also explain the decrease in HR (BEATTY et al., 2006) . Increased water loss via skin and respiratory evaporation (sweating and panting, respectively) in an attempt to dissipate heat can decrease body water levels (BERNABUCCI et al., 2010) . Water intake is determined by climatic factors, type of diets, animal breed, and animal body weight, as well as animal physiological status (ARIAS; MADER, 2011). Thompson et al. (2011) demonstrated that Bos taurus are less adapted to hot conditions and may have a greater sweat rate than Bos indicus. Thus, the higher water intake by Angus bulls might be a response from physiologic changes that increases water loss. Therefore two hypothesis, that might occurred simultaneously, may explain the higher water intake of the Angus bulls than Nellore bulls: the first one is that even in TN treatment the Angus bulls were not really in thermoneutral condition for the breed and have to increase water intake to maintenance adequate core temperature; the second one is that the higher gain rate and intake demand higher water intake than Nellore bulls.
In traditional concept to evaluate heat stress, same physiologic climatic variables have been considered together. Therefore, if was considered only physiologic variables, THI of 76.4 and 81.5 would be equivalent stressor agent for both genetic group (Table 3) . However, Angus bulls had a decrease of 10.7% in daily DMI on THI of 81.5 in comparison with 76.4 (Table 2 ) which may have a strong impact in animal performance, while Nellore bulls had not decreases in DMI.
In livestock production systems, nutritional information from cattle is a common concern. On tropical climate, livestock is usually challenged by weather. However, adapted breeds, like Nellore, may modify physiology and behavior characteristics to reach adequate core temperature without changing feed intake and with low impact on performance if heat stress is not overly severe. On the other hand, at the same condition, non-adapted breeds, like Angus, may have a considerable decrease of feed intake and consequently, may have performance lower than their genetic potential.
The time spent with feed intake may be affected by the bite rate, which in turn may be decreased by heat stress (SPRINKLE et al., 2000) . In this study no differences were found on feeding behavior with increase of air temperature in both genotypes (Table  4) , even occurring decrease of DMI to Angus on heat stress (Table 3) . Thus, it may be inferred that the reduction in DMI due to heat stress was followed by decreases in bite rate, and consequently no changes in intake time would be expected. Similarly to TN ambient, in heat stress ambient a substantial portion of feed intake time occurred at night (about 45% of daily intake time) when air temperature was close to thermoneutral.
Conclusion
THI stress threshold should be distinct for Angus and Nellore bulls. The use of feed intake information may improve the prediction of thermic discomfort on specific climate condition.
When feed is available in feedlot, beef cattle may consume about half of daily dry matter at night. On heat stress during daytime, DMI at night exceed diurnal intake. Evening feeding may be a strategy to increase daily feed intake in feedlot in hot climates.
